among the continental states in the proportion of its land designated for public recreation and preservation. While it is true that more federally owned land, over 50 million acres, is specified for preservation and recreation in Alaska than in Utah, which has approximately 11.7 million acres, nearly 9 million visits are made to public recreation sites in Utah annually compared to approximately 2 million annual visits in Alaska. Utah ranks 8th among the states for number of annual visits to recreational sites managed by the National Park Service (U.S. Department of the Interior, National Park Service 1998). Southern Utah, in particular, is unique. Nearly 7.7 million of approximately 30 million acres of land in southern Utah is publicly owned as national parks, national monuments, national recreation areas, national forests, and state parks. That is over 25% of the area of southern Utah (U.S. Department of the Interior, Bureau of Land Management, Utah State Office 1997; U.S. Department of the Interior, National Park Service 1998; Utah Travel Council 1999) . No other area in the country has such a large proportion of land allocated for preservation and recreation by both state and federal agencies. These facts are presented to emphasize that Utah has both a large amount of land designated for recreation and preservation and an increasing number of people visiting these unique sites. Despite these facts, little research has been done regarding the biological components of the varied ecosystems of southern Utah. Arid conditions throughout southern Utah place a premium on freshwater. Virtually all municipal waterworks systems in Utah tap groundwater resources through springs and wells. Expanding human population and agriculture will place even greater demands on southern Utah's freshwater supplies in the future, groundwater as well as streams and rivers. The city of St. George, southern Utah's largest city, already pays the highest price for water in the state (Governor's Office of Planning and Budget 1998) . A large proportion of precipitation in southern Utah is received in the form of winter snows, which form the largest freshwater reserve in the area (Harper et al. 1994) . Because of the importance and relative rarity of freshwater in this area, it is important to gain a greater understanding of all aspects of the area's aquatic resources. One method of gaining this insight is by studying aquatic insects such as stoneflies. Stoneflies typically inhabit cool streams and rivers. They are excellent indicators of changing water conditions and quality and can aid in understanding the diversity and uniqueness of areas. Information relative to stonefly species inhabiting the area may be useful in helping determine which areas are most critical to preserve and in making management decisions involving the use of water resources.
The species composition and distribution of stoneflies in Utah is perhaps the best known of any state in the western United States (Tanner 1940 , Gaufin et al. 1966 , Baumann 1975 , Baumann et al. 1977 . Previous knowledge of Plecoptera in Utah is primarily the result of the work of the late Arden R. Gaufin and his students at the University of Utah. In 1966, Gaufin listed 71 species, 18 genera, and 5 families of Plecoptera as occurring in Utah. Since that time many subgenera have been raised to generic status, and several subfamilies have been elevated to family status (Illies 1966) . The most recent publication providing a state list of species occurring in Utah listed 75 species in 34 genera and 8 families (Baumann 1973) . New records were added in 1977, documenting the occurrence in Utah of 77 stonefly species in 35 genera and 8 families (Baumann et al. 1977) . Stanger and Baumann (1993) described a new species from the state, Surdick (1995) included the description of a near chloroperlid from southeastern Utah, and Houseman and Baumann (1997) recorded 5 species previously unrecorded from the state.
Most knowledge of stoneflies in Utah comes from sites in the Central Rocky Mountain, Uintah Basin, Columbia Plateau, and Great Basin areas in the northern part of the state (Gaufin et al. 1966 , Baumann and Gaufin 1969 , Baumann et al. 1977 , Houseman and Baumann 1997 . The southern Utah stonefly fauna is poorly known compared to that of northern Utah. This has resulted from the major universities in Utah all being located in the northern part of the state: University of Utah, Salt Lake City; Brigham Young University, Provo; and Utah State University, Logan. These 3 institutions have all been instrumental in providing researchers and facilities to house insect collections. Consequently, due to both time and budget constraints, much more research has been conducted in northern Utah than in southern Utah. Distance between suitable stonefly habitats, the remoteness of some areas, and the rugged terrain of some areas of southern Utah have also been obstacles to stonefly research in this part of the state.
STUDY AREA Some authors have divided Utah into 3 major physiographic provinces or physical divisions (Harper et al. 1994) . The western portion of the state is occupied by the Great Basin, a part of the Basin and Range Province. The northeastern portion of the state consists of a portion of the Central Rocky Mountains. The southeastern portion of the state is part of the Colorado Plateau. Other authors have concluded that some isolated mountain regions of southern Utah are more correctly considered part of the Southern Rocky Mountain Province (Durrant 1952, MacMahon and Wieboldt 1978) . These isolated mountains, such as the LaSal and Abajo Mountains, more closely resemble, faunally, the Southern Rocky Mountains of Colorado than the surrounding plateaus. A large portion of southern Utah is considered part of the Colorado Plateau Physiographic Province. This area consists of high-elevation plateaus incised by canyons. Another major portion of southern Utah is the Great Basin, a very arid region in the southwestern portion with few high-elevation mountains. Water in the area is primarily ephemeral streams from mountain runoff or desert rainstorms.
As sensitive aquatic insects, stoneflies are limited to freshwater lotic systems; therefore, distributions of stoneflies reflect the presence of streams and rivers. Northern Utah contains the Wasatch and Uinta Mountains, which include many streams and rivers that provide suitable habitat for stoneflies. Northern Utah contains 3 principal drainage areas. The Raft River Mountains in the extreme northwestern corner of the state drain northward into the Snake River of Idaho. The Wasatch Mountains and northwestern portion of the Uinta Mountains drain into Utah Lake and the Great Salt Lake. The southeastern portion of the Uinta Mountains drains into the Green River, which empties into the Colorado River. Southern Utah contains 2 principal drainage basins. The Sevier River and Beaver River flow to the north and eventually dissipate in the desert near Sevier Dry Lake in Millard County. The other major drainage is the flow of the Colorado River and its tributaries, including the Green River, San Juan River, and Virgin River, to the southwest (Fig. 1) .
A large amount of information regarding stoneflies and other aquatic insects of Huntington Creek, a tributary of the San Rafael River, itself a tributary of the Green River, was compiled by R.N. Winget, E.C. Devenport, and M.K. Reichert during a study from 1970 to 1977. The principal report (Winget 1972) , detailing the site and explaining the scope of the study, was published early in the study, but data were recorded for the entire 7-year study period. Huntington Creek has been more extensively studied, relative to aquatic insects, than any other drainage in southern Utah (Reichert 1975) . The only other stream in southern Utah with aquatic invertebrates that have been studied to any degree is Pleasant Creek, which flows through Capitol Reef National Park. We are indebted to Colin Brammer and Dr. John MacDonald for their study of this creek (Brammer 1997) . Durrant (1952) partitioned Utah into faunal areas based on distributions of mammals. These divisions correlated fairly closely with the physiographic provinces but were subdivided into smaller regions. The Middle or Central Rocky Mountains he subdivided into the Wasatch Mountains, the Uinta Mountains, and the Northern and Southern High Plateau provinces. The Southern Rocky Mountains were divided into the Abajo subcenter and the LaSal subcenter. He divided the Colorado Plateau into the Virgin River Valley Province and the Canyon Lands Province, each of which was further subdivided. The Great Basin is the only province Durrant did not divide into smaller regions or zones, as the mammal fauna of that region was uniform.
Our study area includes the following Utah counties (Fig. 2) are deposited in the Monte L. Bean Life Science Museum. Each specimen was identified to the lowest possible taxonomic level, usually to species. In the case of some nymphs, identification was possible only to genus. Locations of specimen collection sites were then plotted on maps of the study area to reveal the distribution of each species within the study area. We examined each species distribution and noted its pattern relative to physiographic provinces or faunal areas.
RESULTS
Fifty-eight species in 34 genera and 8 families of stoneflies were recorded from the southern Utah study area. Three species, Isoperla phalerata (Needham), Malenka flexura (Claassen), and Sweltsa cristata Surdick, are new state records. Many species listings are new county records, which help to establish more complete distributions for some species.
One of our most interesting findings was documenting 2 different species, Acroneuria abnormis (Newman) and Isogenoides colubrinus (Hagen), in the Sevier River, which flows north into the Great Basin. This was particularly noteworthy because these 2 species were previously believed to occur in Utah only in the large rivers of the Colorado drainage.
Also of much interest are isolated occurrences of 3 species. Single specimens of both Isoperla phalerata (Needham) and Isoperla pinta Frison are documented from high-elevation, isolated areas in southern Utah. Although the type locality of Utaperla sopladora Ricker is in southern Utah, only a single specimen of this species in addition to the type specimen has ever been collected from southern Utah. Obviously, this species is isolated and rare in this area.
During the course of our study, it became apparent how different the isolated Abajo and LaSal Mountains in the southeast corner of Utah are. Several stonefly species in these mountains occur nowhere else in southern Utah. Zapada frigida (Claassen), Sweltsa cristata Surdick, and Malenka flexura (Claassen) occur nowhere else in the state. Additionally, Amphinemura banksi (Baumann and Gaufin) (Gaufin and Ricker) and Malenka californica (Claassen) in northern Utah, south to the border between the Wasatch Mountains and the Wasatch Plateau, also support the concept that these are separate faunal regions.
The separation between the Wasatch Plateau and the Southern High Plateau, although less definite, is indicated by the distribution of Malenka coloradensis (Banks), which extends across the Southern High Plateau to the edge of the Wasatch Plateau.
The species Amphinemura banksi Baumann and Gaufin, Malenka flexura (Claassen), Zapada frigida (Claassen), and Sweltsa cristata Surdick, which are found at high elevations in the Abajo Mountains and LaSal Mountains, confirm Durrant's placement of these mountains as part of the Southern Rocky Mountains, similar to those of Colorado (Durrant 1952 ).
Other subcenters designated by Durrant were not indicated by stonefly distributions. Durrant divided the Canyon Lands Province into the Kaiparowits, San Rafael, Grand Valley, San Juan, and Painted Desert subcenters. However, stonefly species occurring within this province appear to be widespread within it, indicating no divisions. This entire area is a desert plateau through which flow rivers that appear to have been connected with each other in the past as part of the Colorado drainage.
Durrant divided the Virgin River Valley Province into the St. George subcenter and the Beaver Dam Wash subcenter. This division, based on mammal distribution, is confirmed by plant distributions (Durrant 1952) . Our data do not indicate a division within the Virgin River Valley Province at the boundary of these 2 areas, but they may indicate a boundary between the Virgin River in the Zion National Park area and the remainder of the drainage. Amphinemura mogollonica (Baumann and Gaufin) and Isogenoides zionensis Hansen occur in the Zion National Park area but are not recorded from the Virgin River west of the park. The Virgin River west of Zion National Park contains Mesocapnia frisoni (Baumann and Gaufin) , Hesperoperla pacifica (Banks), and Sweltsa lamba (Needham and Claassen), which are not found in the Zion National Park area of the Virgin River. One species, Mesocapnia frisoni (Baumann and Gaufin) , occurs in Utah exclusively within the Pine Valley Mountain area and the Virgin River Valley Province, indicating a unique faunal region. Certainly, the Virgin River valley is a biologically unique area of southern Utah.
Of southern Utah's 4 physiographic provinces, the Great Basin is the poorest in terms of numbers of stonefly species. Every species present in the Great Basin occurs also in the bordering Central Rocky Mountains or is widespread throughout southern Utah. Isoperla mormona Banks is the only species that is known in southern Utah to extend far into the Great Basin. Indeed, few stoneflies are present deep in the Great Basin, reflecting its general unsuitability as stonefly habitat (Nelson 1994) . In fact, the delineation of the Great Basin as a faunal region is revealed by the lack of stoneflies in the region.
Boundaries between physiographic provinces in southern Utah appear to be barriers in the dispersal of some stonefly species. This study, along with previous records, indicates that the edge of the Colorado Plateau in southern is the eastern limit of Capnia utahensis Gaufin and Jewett and that its range extends into the Wasatch Mountains of northern Utah. Southern Utah appears to be the southern range limit of Utacapnia lemoniana (Nebeker and Gaufin) and Utacapnia logana (Nebeker and Gaufin).
Another result of our study is that several species previously unrecorded or recorded from only a few localities in southern Utah have now been documented from several localities. Alloperla severa (Hagen), previously unrecorded from southern Utah, was recorded from several localities. Previously listed from only 2 counties in southern Utah, Megarcys signata (Hagen) is now documented by this study as being widespread in the area. The validity of the recently designated species Sweltsa cristata Surdick from the isolated LaSal and Abajo Mountains was confirmed by examination of several excellent specimens.
CONCLUSIONS
The number of species recorded from southern Utah is less than that recorded from northern Utah (Call 1999) . The Wasatch and Uintah Mountains in northern Utah form a fairly contiguous band of high-elevation mountains with suitable stonefly habitat. Only the Raft River Mountains in the northwestern corner of the state are an isolated range in the north. In contrast, southern Utah has more isolated, high-elevation mountains, such as the LaSal, Abajo, and Henry Mountains.
Although fewer species occur in southern Utah than in northern Utah, 58 species, which is over 70% of the total number of species in the state, occur in southern Utah. Possible explanations of species diversity in the area include speciation occurring in isolated areas, migration into the area from outside, and vicariance of ancestral populations. Only one species, Sweltsa cristata Surdick, is endemic to southern Utah. Lack of endemic species, especially given the isolated mountain ranges, argues against speciation having occurred recently or frequently in the area. Virtually all species that occur in southern Utah also occur outside southern Utah. Even Sweltsa cristata Surdick, the only species currently endemic to southern Utah, may in the future be found to occur in nearby mountains of Colorado. The distribution pattern for southern Utah is the result of colonization of the area from the outside or vicariance of ancestral populations. Given the widely disjunct distributions of some species in southern Utah such as Isoperla phalerata (Needham), Isoperla pinta Frison, and Utaperla sopladora Ricker, and the generally poor dispersal ability of stoneflies, vicariance of ancestral populations seems the more likely explanation.
Fifty-eight species of stoneflies from 34 genera and 8 families are reported from southern Utah. Three species represent new state records, and many others represent new county records. This publication enhances knowledge of stoneflies occurring in Utah by updating the state list of species. Also provided are distributional data for each species occurring in southern Utah. This study provides a higher degree of resolution of stonefly distributions in this area. Distribution patterns indicate that some species are widespread throughout the region. The presence of stonefly species in the Sevier River, otherwise known only from the Colorado drainage, reveals that the Sevier River was connected to the Colorado drainage in the geologic past and flowed south rather than north as it does today. Additional study of the Sevier River is needed desperately. This river is a major source of freshwater for agriculture in southern Utah. With continued population growth throughout southern Utah, this river will be depleted even further. Little is known about the stoneflies and other aquatic macroinvertebrates of this river, but from previous collecting efforts this river appears strange indeed because it harbors so few stoneflies compared with other rivers of similar size, depth, and flow rate. Certainly, to preserve this unique river, we need to understand it better.
Our data also reveal that the Virgin River valley and the Zion National Park region of the Virgin River are unique faunal regions. This river and its tributaries face increased pressure as the human population of southern Utah continues to expand. Efforts to preserve and study this river should be increased.
The occurrence of the isolated species Isoperla phalerata (Needham) and Isoperla pinta Frison from Panguitch Creek and Podunk Creek, respectively, illustrate how little we know about which species occur in southern Utah. Undoubtedly, there are more species that occur in isolated areas that we do not yet know exist. These species also demonstrate the fragility of freshwater ecosystems. Podunk Creek is a perfect example. An extremely shallow, narrow creek meandering through a meadow used for cattle pasture, it already has steeply cut banks typical of erosion due to grazing. How typical this situation is in southern Utah where many small creeks flow through land used by grazing cattle. It certainly did not look unique at first, and we easily could have missed the single specimen of Isoperla pinta Frison had we come at a different time of year. How many more seemingly uninteresting creeks in southern Utah harbor hidden biological treasures? We fear many undiscovered organisms will be lost by increased demands for water. Surely, more research needs to be done documenting and understanding species of stoneflies and other organisms inhabiting freshwater sources if we are to preserve our resources in the face of increased tourism and population growth in southern Utah. It is our hope that this study will enhance understanding of the biological properties of this unique area of the world and enable wiser decisions regarding conservation and management. (Nelson and Baumann 1987) . Records previously listed as Paraleuctra sara are now listed as Paraleuctra vershina (Gaufin and Ricker) (Gaufin and Ricker 1974) . The former species has an eastern North American distribution while the latter has a western North American distribution. Taenionema nigripennis (Banks) has been synonymized under Taenionema pallidum (Banks) (Stanger and Baumann 1993) , removing the former and adding the latter to the state list. Taenionema pacifica and Taenionema pallida have been corrected to T. pacificum (Banks) and T. pallidum (Banks), respectively (Steyskal 1976 ). Stanger and Baumann (1993) list Taenionema uinta Stanger and Baumann as occurring in several counties in northern Utah. This species also occurs in the Raft River Mountains of northwestern Utah but was unreported by Houseman and Baumann (1997) . Triznaka diversa (Frison) was reassigned to the genus Plumiperla (Surdick 1985) . Isoperla ebria has been synonymized under Isoperla sobria (Hagen) (Szczytko and Stewart 1979) , removing the former and adding the latter to the state list. Skwala parallela has been synonymized under the older name Skwala americana (Needham and Claassen) (Zwick 1989) .
The following species were recorded from Utah in previous publications and are listed here in this updated state list: Capnia petila Jewett, Capnura intermontana Nelson and Baumann, Doroneuria sp., Malenka tina (Ricker), Taeniopteryx nivalis (Fitch) (Houseman and Baumann 1997) , Suwallia lineosa (Banks), Acroneuria abnormis (Newman), and Perlesta decipiens (Hagen) (Baumann et al. 1977) . The identity of the Doroneuria species is unknown because to date only nymphs have been collected, and specific identification is possible only with adult males. This record is D. baumanni, D. theodora, or an undescribed species. Capnia coloradensis Claassen occurs in the Raft River Mountains of northwestern Utah but was omitted from the previous publication (Houseman and Baumann 1997) . Baumann et al. (1977) record Perlesta placida as occurring in Uintah County. This species was synonymized under Perlesta decipiens (Hagen) (Stark 1989) . We examined the Perlesta nymph from Sweetwater County, Wyoming, and are of the opinion that it is probably Perlesta decipiens (Hagen). This species is recorded from the Green River, Sweetwater County, Wyoming, and was thought to occur in Uintah County, where the Green River flows from Wyoming into Utah. Baumann et al. (1977) record this species as occurring in Uintah County; however, there is no confirmed record of Perlesta from Uintah County. Dr. Boris Kondratieff, who has collected extensively from the Green River just over the Utah border in Colorado, told us that he has not collected Perlesta from there. Consequently, we remove this species from the Utah state list of stoneflies and explain the previously published record as an error.
New state records added or confirmed from this study are Isoperla phalerata (Needham), Malenka flexura (Claassen), and Sweltsa cristata Surdick (Surdick 1995) . A single female of Isoperla phalerata (Needham) collected by George Knowlton from Panguitch Creek is the only specimen of this species in Utah. After examining this specimen, we concur that it is I. phalerata (Needham). The distribution of this species in other localities in the Central and Southern Rocky Mountains, however, does make its presence in Utah reasonable.
Malenka flexura (Claassen) was recorded by Gaufin et al. (1966) as occurring in Utah. This record was based on a single female collected at Huntsville, Weber County. After examining the specimen, Baumann (1973) found it to belong to M. californica (Claassen) and thus removed this species from the state list. We report 1 male specimen and 1 female specimen from Lake Oowah, San Juan County, reinstating M. flexura (Claassen) to the state list of stonefly species.
Sweltsa cristata Surdick, recently described (Surdick 1995) , is known only from the Abajo and LaSal Mountains of southern Utah. Currently, this is the only species endemic to southern Utah. Sweltsa cristata Surdick specimens from this area of southern Utah were listed under S. lamba (Needham and Claassen) in the past (Baumann et al. 1977) .
ANNOTATED LIST OF STONEFLY SPECIES OF SOUTHERN UTAH
Distributional data are presented below in the following format: major physiographic province, physiographic region, geographic area, locality. Code numbers are assigned to geographic areas, code letters to localities within the areas. Each species is then presented with a summary of distribution based on these codes. Counties in which the geographic areas occur are presented in parentheses alongside geographic areas to facilitate finding the localities on maps of the areas (Fig. 4) . Presentation of the data is given in this format to save space. Anyone interested in the full data, available in an unpublished thesis (Call 1999) , can contact the authors, who will gladly provide the information. Species are presented in alphabetical order by family, genus, and species. The classification system follows that used by Stewart et al. (1988) as outlined by Stark et al. (1986) . 
Central Rocky Mountains

Order Plecoptera
Isocapnia vedderensis (Ricker)
GEOGRAPHIC RANGE. DISCUSSION.-This species is widespread in southern Utah in the Colorado Plateau, Great Basin, Central Rocky Mountain, and Southern Rocky Mountain faunal regions. It does not occur in northern Utah (Baumann 1970) . Gaufin et al. (1966) incorrectly reported it as occurring in Weber County and Salt Lake County as did Baumann et al. (1977) Complete data are given for the only known specimens. We regret having neither the time nor resources to collect from this area during our study to verify that this species is still present. Given the size of our study area and the fact that many stonefly species emerge as adults during a brief period in the spring, we simply could not be everywhere we wanted to be. DISCUSSION.-This species described by Surdick (1995) is extremely limited in distribution. The only known specimens have been collected from the Abajo and LaSal Mountains of southern Utah. A series of 40 male and 20 female specimens collected by C.R. Nelson near Lake Oowah were in excellent condition, allowing us to examine the range of morphology exhibited in the species, particularly the male epiproct and lamella on the aedeagus. We confirm S. cristata as a valid species. Further collecting in nearby mountains of Colorado may reveal its presence there, which would be strong evidence of previous water connections between these isolated mountains of southern Utah and nearby mountains of Colorado. Sweltsa cristata specimens from this area of southern Utah were listed under S. lamba in the past (Baumann et al. 1977) .
Sweltsa lamba (Needham and Claassen)
GEOGRAPHIC RANGE. Baumann et al. (1977) list the occurrence of this species in San Juan County; however, this listing was from specimens that are now included in Sweltsa cristata (Surdick 1995 
